Purpose: This retrospective cohort study examines the association between cataract surgery and neovascular age-related macular degeneration (AMD) during 5-year follow-up using population-based claims data. Methods: We analysed data sourced from the Taiwan Longitudinal Health Insurance Database 2005. The study included 3465 patients who had undergone cataract operations and did not have a diagnosis of AMD before or on the surgery date (study group), and 10 395 age-and sex-matched comparison patients selected randomly from the remaining patients without an AMD diagnosis before the index date. We tracked the claims of each patient for a 5-year period to identify patients with a subsequent diagnosis of neovascular AMD. Results: The incidence rate of neovascular AMD was 0.88 (95% confidence interval (CI): 0.66-1.14) per 1000 person-years among all sampled patients, 1.60 (95% CI: 1.04-2.36) among the cataract surgery patients and 0.64 (95% CI: 0.43-0.91) among comparison patients (p < 0.001). Stratified Cox proportional analysis showed that relative to the comparison cohort, the adjusted hazard ratio for neovascular AMD during 5-year follow-up was 2.68 (95% CI: 1.55-4.66) for patients who had undergone cataract operation. We censored those who died during follow-up period and adjusted for patients' monthly income, geographical location, urbanization level, diabetes, hypertension, cardiovascular disease and hyperlipidaemia. Conclusion: This study demonstrated epidemiological evidence of a link between cataract surgery and neovascular AMD during a 5-year follow-up period.
Introduction
Cataracts and neovascular AMD are two leading causes of visual impairment and blindness worldwide, often present concurrently in older persons (Congdon et al. 2004; Qian & Young 2014) . Concern has been raised that cataract surgery may increase the risk of progression of neovascular AMD (Kessel et al. 2016; Park et al. 2016a,b; Wang et al. 2016) . Moreover, cataract surgery and neovascular AMD share common risk factors, such as increasing age, smoking and cardiovascular disease, as well as occur concurrently in many cases (Klein et al. 1998; Wang et al. 1999; Tabandeh et al. 2012; Hu et al. 2017) .The presence of neovascular AMD is a documented risk factor for poor visual outcomes after cataract surgery (Lundqvist & M€ onestam 2006) . Nevertheless, the relationship between cataract surgery and neovascular AMD has remained controversial. Some studies report increased risk of developing neovascular AMD following cataract surgery (Klein et al. 2002 (Klein et al. , 2012 Freeman et al. 2003; Kaiserman et al. 2007; Fraser-Bell et al. 2010) , whereas others fail to find an association (Chew et al. 2009; Wang et al. 2012; Rim et al. 2016) . In this study, we examined the association between cataract surgery and neovascular AMD during a 5-year follow-up period using a population-based claims data set from Taiwan.
Materials and Methods

Database
We conducted a retrospective cohort study using a case-control approach. We retrieved data from the Taiwan Longitudinal Health Insurance Database 2005 (LHID2005), derived from Taiwan's National Health Insurance (NHI) program. The LHID2005 consists of medical claims for healthcare services provided to 1 000 000 enrollees, randomly selected with a systematic approach out of all enrollees (n = 23.72 million) listed in the 2005 Registry of Beneficiaries under the NHI program. The LHID2005 enables researchers to track medical services for these 1 000 000 enrollees since the beginning of NHI in 1995.
This study was exempt from full review by the Institutional Review Board of Taipei Medical University (TMU-JIRB 201612026) because the LHID2005 consists of de-identified secondary data released to researchers for research purposes.
Study sample
This study compared the study group with a comparison group. To select the study group, we first identified 18 406 patients who had a first-time procedure code of cataract operation (ICD-9-CM codes 13.1-13.5) in clinics or hospitals between 1 January 2001 and 31 December 2008. We excluded patients who aged 50 years or less, as the incidence of neovascular AMD is negligible in this age group. In addition, because the LHID2005 did not capture laterality of the eye subjected to the cataract operation, we selected patients who had two separate cataract operations within 1 year to capture patients with both eyes operated (n = 3499), and assigned the date of their second cataract operation as the index date. We further excluded 34 patients who had ever received a diagnosis of dry AMD (ICD-9-CM code 362.51) or neovascular AMD (ICD-9-CM codes 362.52) before the index date. As a result, 3465 patients who had undergone two cataract operations were included in the study group.
For the comparison group, we selected patients from the remaining enrollees in the LHID2005 database. We excluded all patients aged <50 years and those who had any claim with a procedure code of a cataract operation since 1995. SAS statistical software (SAS System for Windows, vers. 8.2, SAS Institute, Cary, NC) was used to select 10 395 patients matched on gender, age group (50-54, 55-59, 60-64, 65-69, 70-74 and ≥75 years) and the year of the index date. While for the study group, the year of the index date was the year of the second cataract operation, for the comparison group, the year of the index date was simply a matched in which the comparison patient had an outpatient medical claim. We assigned the first use of ambulatory care in the index year as the index date for the comparison group. In this study, we had to select 10 395 comparison patients in order to achieve the desired match rate for cases. Among the selected controls, 47 had received a diagnosis of dry AMD or neovascular AMD before the index date. We excluded these 47 comparison patients and substituted them with 47 other comparison patients who had not received a diagnosis of dry AMD or neovascular AMD before the index date to have 10 395 comparison patients in this study. In addition, we ensured that all selected comparison patients had at least one ophthalmologic ambulatory care visit within 2 years prior to the index date in order to reduce the potential risk of surveillance bias. We also assured that none of the selected comparison patients had a history of dry AMD or neovascular AMD before the index date.
The final study sample consisted of 3465 cataract surgery patients and 10 395 comparison patients. We tracked each patient's medical claims for a 5-year period from the index date to identify those who subsequently received a diagnosis of neovascular AMD (ICD-9-CM code 362.52). The study outcome of interest was the development of neovascular AMD following the index date.
Statistical analysis
We conducted statistical analyses with SAS statistical software, and the significance level was set to 0.05. We used Pearson Chi-squared tests to examine differences in the distributions of the study group and comparison group by monthly income (≤NT$15 840, NT $15 841-25 000, ≥NT$25 001), geographical location (northern, central, eastern and southern Taiwan) and urbanization level of the patient's residence (five levels, 1 being the most urbanized and 5 least urbanized). We performed a log-rank analysis to compare the difference in 5-year neovascular AMD-free survival rates between the two patient groups. Stratified Cox proportional hazards regression (stratified by gender, age group and year of the index date) was used to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) for neovascular AMD during 5-year follow-up. We verified the proportional hazards assumption and found that survival curves for both strata (study group and comparison group) had hazard functions that were proportional over time. We further performed sensitivity analyses by excluding patients who received a diagnosis of neovascular AMD within a month of the index date. Finally, we also censored patients who died during follow-up, 684 from the study group (19.7%) and 1923 from the comparison group (18.5%).
Results
The mean age of the study sample was 70.2 years (SD = 9.6 years) 70.3 years among the study group and 70.2 years among comparison patients. Table 1 shows that the two cohorts matched on sex and age group had significant differences in monthly income (p < 0.001), urbanization level (p < 0.001) and geographical location (p < 0.001). They were also different on comorbidity prevalence, diabetes (p < 0.001), hypertension (p < 0.001), cardiovascular disease (p < 0.001) and hyperlipidaemia (p < 0.001). Table 2 presents the incidence rates of neovascular AMD within the 5-year period following the index date. The incidence rate of neovascular AMD was 0.88 (95% CI: 0.66-1.14) per 1000 person-years among all sampled patients; the incidence rates of neovascular AMD per 1000 person-years were 1.60 (95% CI: 1.04-2.36) for patients who had undergone a cataract operation and 0.64 (95% CI: 0.43-0.91) for comparison patients. The log-rank test revealed a statistically significant difference in 5-year neovascular AMD-free, cumulative survival between the two patient groups (p < 0.001). Furthermore, the incidence of neovascular AMD in the study group in year1 and year 2 was 4 and 5 cases, respectively. The incidence of neovascular AMD in the comparison group in year1 and year 2 was 5 and 7 cases, respectively. Of the 55 sample patients who developed neovascular AMD, the mean age was 72.6 years with a standard deviation of 9.7 years, and 49.5% were males. Table 2 also presents the hazard ratio for neovascular AMD during follow-up. Stratified Cox proportional hazard analysis showed that compared to the comparison cohort, the HR for neovascular AMD during 5-year follow-up was 2.68 (95% CI: 1.55-4.66) for patients with a cataract operation after censoring those who died during follow-up, and adjusting for monthly income, geographical location, urbanization level, diabetes, hypertension, cardiovascular disease and hyperlipidaemia.
Discussion
This is the first longitudinal, populationbased study to explore the association between cataract surgery and neovascular AMD during a 5-year follow-up period in an Asian country. In this study, we found that relative to the comparison group, the hazard of neovascular AMD for patients who had undergone a cataract operation was more than double over 5-year followup (adjusted HR = 2.68). Additionally, we found that patients who had undergone a cataract operation were more likely to have some comorbidities than those who did not undergo a cataract operation. These findings are consistent with previous literature (Park et al. 2016a,b) . To eliminate the potential effects of the comorbidities in this study, we have taken these factors into considerations in the regression models.
The link between cataract surgery and neovascular AMD has been previously explored, but the results have been ambiguous (Klein et al. 2002 (Klein et al. , 2012 Freeman et al. 2003; Kaiserman et al. 2007; Chew et al. 2009; FraserBell et al. 2010; Wang et al. 2012; Rim et al. 2016) . Some studies showed an association between cataract surgery and neovascular AMD (Klein et al. 2002 (Klein et al. , 2012 Freeman et al. 2003; Kaiserman et al. 2007; Fraser-Bell et al. 2010 ). In particular, one cross-sectional study which combined data from three cross-sectional studies (including the Salisbury Eye Evaluation, the Proyecto VER, and the Baltimore Eye Survey) concluded that prior cataract surgery may be associated with an increased prevalence of late-onset AMD, with an OR of 1.7 for the combined analysis (Freeman et al. 2003) .
However, other studies from Australia, the United States and Korea did not support an association between cataract surgery and AMD (Chew et al. 2009; Wang et al. 2012; Rim et al. 2016) . A 3-year follow-up study with 2029 cataract surgery patients Hazard ratios (HRs) were estimated using stratified Cox proportional hazard regression modelling, stratified by sex, age group and the year of the index date. Patients were censored upon death. ***p < 0.001; **p < 0.01. †Adjustments were made for patient's geographical location, urbanization level, monthly income, diabetes, hypertension, cardiovascular and hyperlipidaemia.
aged ≥65 years found no evidence of increased AMD incidence in the operated eye, compared with non-operated eye of the same patient (Wang et al. 2012) . Another large cohort study also showed no clear effect of cataract surgery on the risk of progression to AMD (Chew et al. 2009 ). Moreover, a cross-sectional study in Korea including 20 419 participants ≥40 years showed that cataract surgery was not associated with early AMD or any type of AMD (Park et al. 2016a,b) . However, these studies may have been biased by methodological issues, notably differences in baseline characteristics between the study and comparison groups, small case numbers or a lack of adjustment for relevant confounders, leading to null findings.
Our study found that the incidence rate of neovascular AMD per 1000 person-years was 0.88 (95% CI: 0.66-1.14) among the entire selected sample. Neovascular AMD occurred in 0.72% of cataract surgery patients and in 0.29% of comparison patients. According to previous studies, the reported prevalence rates of AMD in the older adult population range from 0.24 to 6.2% in the United States, Europe and Australia (Klaver et al. 2001; Mitchell et al. 2002; Klein et al. 2007; Coleman et al. 2010; Rudnicka et al. 2015) . A population-based cohort study showed an incidence rate of neovascular AMD of 1.1 (95% CI: 0.7-1.5) per 1000 person-years (van Leeuwen et al. 2003) . The incidence rate of neovascular AMD found in our study is similar to those reported by prior studies, despite variations in AMD definitions, study design, subject inclusion criteria and subject ethnicity.
There are several plausible explanations for the association between cataract surgery and neovascular AMD, including cataract surgery-related inflammation, blue light toxicity and genetic factors. As for the theory of cataract surgery-related inflammation, intraocular inflammation is common after cataract surgery. The inflammatory response occurs when the bloodaqueous barrier is compromised, thus increasing vascular permeability changes associated with inflammation and oedema (Modi et al. 2014; Wilson et al. 2016) . Inflammation induced by cataract surgery may exacerbate the rate of AMD progression (Donoso et al. 2006) . Consequently, cataract surgery is hypothesized to, in some ways, physically predispose the eye to AMD, perhaps through inflammatory mechanisms (van der Schaft et al. 1994) .
The second plausible mechanism linking cataract surgery and neovascular AMD is blue light toxicity (Algvere et al. 2006; Glazer-Hockstein & Dunaief 2006) . During cataract surgery, the crystalline lens is removed and replaced with an artificial intraocular lens that provides less UV protection (Mainster 2006) , allowing large amounts of ultraviolet B (UVB) and UVA radiation to reach the retina (Kaiserman et al. 2007 ). Intense, acute exposure to short wavelength (UVB and UVA) radiation is documented to be toxic to the retina (Cheng et al. 2015) . Chronic exposure to the blue wavelengths in sunlight may impair the retina and trigger increased risk of neovascular AMD.
Finally another causative mechanism is proposed, genetic factors. One study suggested that physiologic or genetic factors that caused the lens to become opaque and led to cataract surgery may play a role in macular degeneration (Kaiserman et al. 2007) . Another study by Cheng et al. (2015) showed differences between Asian and White patients in the genetic architecture of AMD. Further study is needed to confirm our findings and explore the mechanisms underlying the observed association between cataract surgery and neovascular AMD.
A key strength of our study was the large, very complete and longitudinal population database, which mitigates selection bias, often a problem of studies based on data from voluntary registries or hospital-referred patients. This study also has some limitations. First, the diagnoses of cataract surgery and neovascular AMD were identified from an administrative database through ICD-9-CM codes released by the Bureau of the NHI. Therefore, patients who were not coded accurately or did not seek medical care could not be identified. However, non-differential misclassification should have biased the results towards the null hypothesis. Second, surveillance bias is possible because many researchers point out that patients who undergo cataract operations are more likely to receive an ophthalmologic examination, and thus more likely to be discovered to have neovascular AMD. We selected comparison patients who had at least one ophthalmologic ambulatory care visit within 2 years prior to the index date in order to reduce the potential surveillance bias. Further, we performed a sensitivity analyses, excluding patients diagnosed with neovascular AMD within a month of the index date, to address this concern. We found that the results remained consistent with those from the original sample (with an adjusted HR of 2.38 p ≤ 0.01). Surveillance bias is therefore unlikely to have biased our findings.
Third, the study population mainly consisted of ethnic Chinese who are documented to have a lower prevalence of neovascular AMD than other populations (Klaver et al. 2001; Mitchell et al. 2002; Klein et al. 2007; Coleman et al. 2010; Rudnicka et al. 2015) . This may underlie part of the differences in findings between the present study and studies from other regions or countries. Last, cataract alone may also be associated with the increased risk of AMD (Freeman et al. 2003) . However, for practical reasons, it is almost impossible to verify the causal relationship between cataract and AMD because cataracts develop over a long time. We are unable to identify the time at which the cataract began from our claimsbased data set.
Finally, the database used in this study has no information regarding smoking, sunlight exposure, alcohol consumption, etc. (Evans 2001) . These are documented risk factors for neovascular AMD, and the surgery and non-surgery groups may differ on these factors, which may confound the association between cataract surgery and neovascular AMD.
Despite these limitations, our study demonstrates epidemiological evidence of a link between cataract surgery and neovascular AMD over 5-year followup. One implication for practice is that physicians caring for elderly individuals who have undergone a cataract operation should advise patients to be alert for vision problems and take preventive measures to avoid eye exposure to risk factors such as direct sunlight to avoid neovascular AMD. Likewise, an ophthalmologist could look more carefully for signs of neovascular AMD after a person has had cataract surgery. More research is needed to confirm our findings and explore the underlying mechanisms.
